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Abstract 
The high electro-optic coefficients and nonlinear coefficients of lithium niobate make it a highly promising material for optical 
modulator design, experiments in cavity quantum electrodynamics, and microwave photonics. The two most common techniques for 
photonic device fabrication on lithium niobate are titanium diffusion and proton exchange. However, due to very low refractive index 
contrast (usually less than 0.1), the waveguides formed through these processes have low mode confinement, high bending losses, 
and often, are not polarization independent, making it difficult to fabricate compact photonic structures on the material. Here, we 
report our new design: rib waveguide on lithium niobate on insulator chips. Lithium niobate on insulator chips contains a thin film of 
lithium niobate (thickness: ~700nm) adhering on an insulator substrate like SiO2. Such devices provide good vertical and lateral 
index contrast and mode confinement. Also, because of the smaller waveguide widths attainable through etch based techniques, a 
greater control of the critical dimensions of devices is possible. We fabricated and characterized optical devices - waveguides, 
power splitters, and microring resonators on lithium niobate on insulator chips, employing robust fabrication techniques, namely EBL 
and ion milling. The structures were characterized in terms of propagation loss and quality factor. The fabricated structures showed 
good performance, and the fabrication techniques have potential for use in the mass manufacture of lithium niobate based optical 
devices. 
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1. Introduction 
Lithium niobate is a transparent, electro-optic crystal, known for its high Pockel’s coefficients, which make it a 
widely used material for experiments in nonlinear optics [1,2], and also for the fabrication of Mach-Zehnder 
Interferometers for high speed data transfer [3]. 
Commercially, devices on lithium niobate are fabricated by diffusion based techniques, like titanium diffusion 
and proton exchange. However, waveguides fabricated by the techniques have a very low index contrast between the 
waveguiding region and the cladding, and have high bending losses [4]. Hence they cannot be employed in the 
fabrication of compact optical devices.  
Lithium niobate on insulator (LNOI) provides a viable solution to the problem [5]. Etch based techniques are 
commonly employed to fabricate optical devices on LNOI [6,7]. 
This paper describes the fabrication and characterization of rib and ridge waveguides, power splitters and ring 
resonators on lithium niobate on insulator. The fabricated devices are suitable for utilization in an array of nonlinear 
optical experiments, and also in the design of compact MZI’s.  
  
2. Structure of Lithium Niobate on Insulator 
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The schematic of the wafer is shown in Fig 1(a). The cross section comprises bulk lithium niobate on the bottom, 
an optional layer of platinum or gold, which can serve as an electrode, a layer of silicon dioxide on top of the metal, 
and finally a 700nm layer of lithium niobate thin film. The top layer is formed by ion slicing and bonding a thin strip 
of lithium niobate on the silicon dioxide, followed by chemical mechanical polishing.  
If a ridge or a rib waveguide is formed on the thin film, the mode is confined in three sides by air, and at the 
bottom by the silicon dioxide layer, as shown in Fig 1(b). This enables the fabrication of ultra-compact devices on 
LNOI.  
3. Fabrication of devices 
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Fig 1. (a) Cross section of an LNOI chip; (b) Mode Profile in a 300nm by 2 micron rib waveguide 
Fig 2. (a) Device fabrication flow chart; (b) SEM of a Y branch splitter fabricated on LNOI; (c) Microring resonator array fabricated 
on LNOI 
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Fig 2(a) shows the steps in the fabrication of optical devices on lithium niobate on insulator chips. 
 
First, the disk is diced into 1cm by 1.2cm squares using a commercial dicer.  Next, the substrate is covered with a 
40-50nm layer of chromium, which acts as a conducting layer for EBL. Electron beam lithography with negative 
resist is used to pattern the devices. Ion milling with Argon ions is used to etch off the chromium and the lithium 
niobate, forming the ribs and the ridges. 
 
The waveguides initially fabricated had high losses, which was attributed to the sidewall roughness caused by the 
redeposition of lithium niobate during the etching process. Several techniques were employed to get rid of the 
roughness. For example, annealing the devices at temperatures over 990°C helped reduce the roughness of 
waveguides fabricated on bulk lithium niobate. However, annealing the LNOI samples above 500°C caused the 
surface to crack, possibly because of the different rates of thermal expansion of lithium niobate and silicon dioxide. 
Next etching using 49% concentrated hydrofluoric acid was tried out. The acid was seen to etch the layers unevenly, 
resulting in further sidewall roughness. Furthermore, the HF etching undercut the silicon dioxide layer, which 
resulted in the waveguides collapsing near the edges of the wafer.  
 
Smooth sidewalls were finally obtained by ion milling the substrates at 45°. The angled milling removed the 
redeposited particles, resulting in a smoother sidewall profile. 
 
4. Characterization of devices 
 
 
 
 
 
 
 
 
 
                                                              
 
 
 
 
 
 
 
Fig 3(a) shows the measurement set up. A lens or a lensed fiber is used to couple light into the waveguide. The 
wafer is mounted under an optical microscope, which can be used to align the laser to the waveguides, and also for 
the collection of light scattered from the sidewalls. Fig 3(b) shows an illuminated sample. From the output, a 
multimode fiber collects the light and leads it to an optical spectrum analyzer. The fiber to waveguide insertion loss 
is estimated to be 20dB/facet. The loss, however, does not affect the propagation loss measurement (measured by 
imaging the scattered light), or the FSR of the resonator, and can be further reduced through the use of tapered 
ridges. 
 
Once waveguides with acceptable losses (~5dB/cm) were obtained, the technique was then used to fabricate 
power splitters (Fig 2(b)), which had a less than 2% difference in the power in both arms. Finally, ring resonators of 
Fig 3. (a) Device characterization set up; (b) A lossy ring resonator illuminated by a broadband laser; (c) Transmission spectrum of a microring resonator 
illuminated by a tunable laser 
(b) (c) (a) 
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104 µm outer diameter were fabricated, which showed a quality factor of over 4000 and FSR of 2.9 nm at 1530nm 
wavelength (Fig 3(c)), which is close to the theoretical FSR value (3.24). The gap between the ring and the bus 
waveguide was 500nm. A possible cause for the lower FSR could be an index change of the lithium niobate thin 
film caused by ion bombardment. This phenomenon requires further investigation. 
5. Conclusion 
This paper describes the fabrication of compact photonic structures on lithium niobate on insulator chips. The 
structures fabricated have the potential to be integrated into experiments in nonlinear optics and microwave 
photonics, and also be employed in the fabrication of compact MZIs which can be used in optical data transfer. 
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